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——————— - - -.ERQANFLGKI
-H-T---. . _DRQANFLGKI
———1---. . _.ERQANFLGKI
——————— - - -ERQANFLGKI
-L-———- - - -ERQANFLGKI
——————— - - -ERQANFLGKI1
——————— - - -.ERQANFLGKI1
——————— - - -ERQANFLGKI
------- - - -ERQANFLGKI
——————— - - -ERQANFLGKI
—————— N. . .ERQANFLGKI
——————— - - -.ERQANFLGKI1
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CRFO2_AG.NG.IBNG  --———m- - . .ERQANFLGKI
CRFO3_AB.RU.KAL15  ---———- - . .ERQANFLGRI
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B.US.DH123 ~  ——mmmmmme H-E..._RPG
B.US.JRCSF ~ ——mmmmmmmme ....RPG
B.US.JRFL ~  ——m—mmmmmee ....RPG
B.US.MNCG ~  ——mmmmmee C--....R.R
B.US.NC7 —mmmmmo e H--..._RPG
B.US.NY5CG ~  —mmmmmmm e H--..._RPG
B.US.P896 ——m—mmm—- H--....RPG
B.US.RF  —mmmmmmeee H--..._RPG
B.US.SF2  —mmmmmmmee o -...RPG
B.US.WCO01 ~ —mmmmmmmmmo o ....RPG
B.US.WEAU160  ———————o S-Q--....RPG
B.US.WR27 -X---X-R--HxX~. .. .RPG
B.US.YU2 ~  mmmmmemee H--..._RPG
CONSENSUS C  ———mmmmm o h--...?RPG
C.BR.92BRO25 ~ ———m—mmmmo HR-. .. _RPG
C.BW.96BWO1B22 ~  —————mmmmm H--....RPG
C.BW.96BW0402 ~ ———m—mmmee H--. ...RPG
C.BW.96BWO502 ~ ——————mmee H--. ...RPG
C.BW.96BW1104  ———m—mmmo H--....RPG

C.BW.96BW1210
C.BW.96BW15B03
C.BW.96BW1626
C.BW.96BW17A09
C.ET.ETH2220
C.IN.93IN904
C.IN.93IN905
C.IN.93IN999
C.IN.94IN11246
C.IN.95IN21068

CONSENSUS_D
D.CD.84ZR085
D.CD.ELI
D.CD.NDK
D.CD.Z276
D.UG.94UG1141

CONSENSUS_F
F.BR.BZ162
F.CD.VI174
F.RW.VI69

CONSENSUS_F1
F1.BE.VI850
F1.BR.93BR020.1
F1.FI.FIN9363
F1.FR.MP411

CONSENSUS_F2
F2.CM.MP255
F2.CM.MP257

CONSENSUS_G
G.BE.DRCBL
G.FI1.HH8793
G.NG.92NG083
G.SE.SE6165

CONSENSUS_H
H.BE.VI991
H.BE.VI1997
H.CF.90CF056

CONSENSUS_J
J.SE.SE9173
J.SE.SE9280

CONSENSUS_K
K.BE.VI325
K.CD.EQTB11C
K.CM.MP535
N.CM.YBF30

CONSENSUS_.O —————- Y-—_.P-GT..
O0.CM_ANT70C = —————- Y--..P-GT..
0.CM_MVP5180 —————- Y-—._.P-GT..

CRFO1-AE.CF.90CF40

DEC 2000

CRFO1-AE.TH.93TH25
CRFO1-AE.TH.CM240
CRFO1-AE.TH.THO022
CRFO1-AE.TH.THO47
CRF02_AG.FR.DJ263
CRF02_AG.FR.DJ264
CRFO2_AG.NG. IBNG
CRFO3_AB.RU.KAL15
CRFO04_cpx.CY.94CYO
CRF04_cpx.GR.97PVC
CRF04_cpx.GR.97PVM
AC.ET.E3099G
AC.IN.21301
AC.RW.92RWO09
AC.SE.SE9488
AC.ZM.ZAM174-21
AC.ZM.ZAM184
AC.ZM.ZAM716-17
ACD.SE.SE8603
AD.SE.SE6954
AD.SE.SE7108
ADHU.NO.NOGIL3
ADU.CD.MAL
AG.NG.G3
AG.SE.SE7812
AGHU.GA.VI1354
AGJ.AU.BFP90
AGJ.ML.95ML8
AGU.CD.Z321
BF.BR.93BR029.4
DF.CD.VI961
U.CD.VI1126

CONSENSUS_CPZ
CPZ.CD.CPZANT
CPZ.GA.CPZGAB
CPZ.US.CPZUS

—————————— N--....RPG
—————————— N--....RPG
—————————— N--....RPG
—————————— N--....RPG
—————————— S--....RPG
—————————— S--....RPG
—————————— S--....RPG
————— R----S--....RPG
————— RM---S--....RPG
----- RM---S--....RPG
--S--RM---S--_...RPG
—————————— N--....RPG
—————————— H--....RPG
—————————— N--....RPG
—————————— S--....RPG
—————————— H--....RPG
—————————— H--....RPG
—————————— H--....RPG
—————————— H--....RPG
—————————— S--....RPG
—————————— S--....RPG
—————————— S--....RPG
—————————— H--....RPG
—————————— N--....RPG
—————————— S--....RPG
—————————— N--....RPG
—————————— N--....RPG
————— R----S--....RPG
—————————— N--....RPG
—————————— H--....RPG
————— RV-L-H--....RPG
—————————— N--....RPG
Vemmme ?--272w-????RPG
Vommee PT-TWW-C. . .RPG
Vommmm G---RS-....RPG
—————— H-SPSWSGGSKRPG



Study Subject 1D:03RCH89

Study Subject Clone:

Study Subject HLA:A2,A23,B62,B49,Cw10,Cw7

Sequence: Known reactive 20Mer0: IYKRWIILGLNKIVRMYSPT p24(129-148)

Possible HLA
A2 A2.1,A*0201,A*0202,A*0203,A*0204,A*0205,A*0206,A*0207,A*0208,A*0209,A*0210,A*0211,A*0212,A*0213,A*0214,A*0216,A*0217,A*0218,A*0220,A*C
A23 A*2301
B49 B*4901

B62 Bw62,B*1501,B*1504,B*1505,8*1506,B*1507,B*1515,B*1520,B*1524,B*1525,B*1527,B*1530,B*1532,B*1545,B*1548
Cwl0 Cw*0302,Cw*0304
Cw7  Cw*0701,Cw*0702,Cw*0704,Cw*0706

Possible Epitopes based on anchor residues

(7-14)  ILGLNKIV A*0201
(7-14)  ILGLNKIV A*0202
(7-14)  ILGLNKIV A*0214

(9-17)  GLNKIVRMY  B*1501

(2-10)  YKRWIILGL  Cw*0702
(9-17)  GLNKIVRMY  Cw*0702
(1-8)  IYKRWIIL Cw*0702
(3-10) KRWIILGL Cw*0702
(10-17) LNKIVRMY Cw*0702
(1-10)  IYKRWIILGL  Cw*0702
(8-17)  LGLNKIVRMY Cw*0702

Anchor Residues Searched

A*0201  X[LMIXXXXXX[VL]
A*0201  X[LMIXXXXX[VL]
A*0201  X[LM]XXXXXXX[VL]
A*0202  X[LIXXXXXX[LV]
A*0202  X[LIXXXXX[LV]
A*0202  X[LIXXXXXXX[LV]
A*0204  X[LIXXXXXX[L]
A*0204  X[LJXXXXX[L]
A*0204  X[LIXXXXXXX[L]
A*0205  X[VLIMQIXXXXXXIL]
A*0205  X[VLIMQIXXXXX[L]
A*0205  X[VLIMQ]XXXXXXX]L]
A*0206  X[VIXXXXXX[V]
A*0206  X[VIXXXXX[V]
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A*0206
A*0207
A*0207
A*0207
A*0214
A*0214
A*0214
B*1501
B*1501
B*1501
Cw*0304
Cw*0304
Cw*0304
Cw*0702
Cw*0702
Cw*0702

X[VIXXXXXXX[V]
X[L]J[DIXXXXX[L]
X[L][DIXXXX[L]
X[LJ[DIXXXXXX[L]
X[VQLIXXXXXX[LV]
X[VQLIXXXXX[LV]
X[VQLIXXXXXXX[LV]
X[QLIXXXXXX[FY]
X[QLIXXXXX[FY]
X[QLIXXXXXXX[FY]
X[AIXXXXXX[LM]
X[AIXXXXX[LM]
X[AIXXXXXXX[LM]
XXXXXXXX[YFL]
XXXXXXX[YFL]
XXXXXXXXX[YFL]
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Study Subject 1D:03RCH89

Study Subject Clone:

Study Subject HLA:A2,A23,B62,B49,Cw10,Cw7

Sequence: Known reactive 20Mer1: HOQMKDCTERQANFLGKIWPS p2p7plp6(58-77)

Possible HLA
A2 A2.1,A*0201,A*0202,A*0203,A*0204,A*0205,A*0206,A*0207,A*0208,A*0209,A*0210,A*0211,A*0212,A*0213,A*0214,A*0216,A*0217,A*0218,A*0220,A*C
A23 A*2301
B49 B*4901

B62 Bw62,B*1501,B*1504,B*1505,8*1506,B*1507,B*1515,B*1520,B*1524,B*1525,B*1527,B*1530,B*1532,B*1545,B*1548
Cwl0 Cw*0302,Cw*0304
Cw7  Cw*0701,Cw*0702,Cw*0704,Cw*0706

Possible Epitopes based on anchor residues

(5-13) DCTERQANF  Cw*0702
(6-14) CTERQANFL  Cw*0702
(6-13) CTERQANF Cw*0702
(7-14) TERQANFL Cw*0702
(4-13) KDCTERQANF Cw*0702
(5-14) DCTERQANFL Cw*0702

Anchor Residues Searched

A*0201  X[LMIXXXXXX[VL]
A*0201  X[LM]XXXXX[VL]
A*0201  X[LM]XXXXXXX[VL]
A*0202  X[LIXXXXXX[LV]
A*0202  X[LIXXXXX[LV]
A*0202  X[LIXXXXXXX[LV]
A*0204  X[LIXXXXXX[L]
A*0204  X[LJXXXXX[L]
A*0204  X[LIXXXXXXX[L]
A*0205  X[VLIMQ]XXXXXXIL]
A*0205  X[VLIMQIXXXXX[L]
A*0205  X[VLIMQ]XXXXXXX][L]
A*0206  X[VIXXXXXX[V]
A*0206  X[VIXXXXX[V]
A*0206  X[VIXXXXXXX[V]
A*0207  X[LJ[DIXXXXX[L]
A*0207  X[L][DIXXXX]L]
A*0207  X[LJ[DIXXXXXX[L]
A*0214  X[VQLIXXXXXX[LV]
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A*0214
A*0214
B*1501
B*1501
B*1501
Cw*0304
Cw*0304
Cw*0304
Cw*0702
Cw*0702
Cw*0702

X[VQLIXXXXX[LV]
X[VQLIXXXXXXX[LV]
X[QLIXXXXXX[FY]
X[QLIXXXXX[FY]
X[QLIXXXXXXX[FY]
X[AIXXXXXX[LM]
X[AIXXXXX[LM]
X[AIXXXXXXX[LM]
XXXXXXXX[YFL]
XXXXXXX[YFL]
XXXXXXXXX[YFL]
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Study Subject 1D:03RCH89

Study Subject Clone:

Study Subject HLA:A2,A23,B62,B49,Cw10,Cw7

Sequence: Known reactive 20Mer 2: ANFLGKIWPSYKGRPGNFLQ p2p7p1p6(68-87)

Possible HLA
A2 A2.1,A*0201,A*0202,A*0203,A*0204,A*0205,A*0206,A*0207,A*0208,A*0209,A*0210,A*0211,A*0212,A*0213,A*0214,A*0216,A*0217,A*0218,A*0220,A*C
A23 A*2301
B49 B*4901

B62 Bw62,B*1501,B*1504,B*1505,B*1506,B*1507,B*1515,B*1520,B*1524,B*1525,B*1527,B*1530,B*1532,B*1545,B*1548
Cwl0 Cw*0302,Cw*0304
Cw7  Cw*0701,Cw*0702,Cw*0704,Cw*0706

Possible Epitopes based on anchor residues

(3-11)  FLGKIWPSY  B*1501

(3-11)  FLGKIWPSY  Cw*0702
(10-18) SYKGRPGNF  Cw*0702
(11-19) YKGRPGNFL  Cw*0702
(4-11)  LGKIWPSY Cw*0702
(11-18) YKGRPGNF  Cw*0702
(12-19) KGRPGNFL Cw*0702
(2-11)  NFLGKIWPSY  Cw*0702
(9-18) PSYKGRPGNF  Cw*0702
(10-19) SYKGRPGNFL Cw*0702

Anchor Residues Searched

A*0201  X[LMIXXXXXX[VL]
A*0201  X[LMIXXXXX[VL]
A*0201  X[LM]XXXXXXX[VL]
A*0202  X[LIXXXXXX[LV]
A*0202  X[LIXXXXX[LV]
A*0202  X[LIXXXXXXX[LV]
A*0204  X[LIXXXXXX[L]
A*0204  X[LJXXXXX[L]
A*0204  X[LIXXXXXXX[L]
A*0205  X[VLIMQ]XXXXXX[L]
A*0205  X[VLIMQIXXXXX[L]
A*0205  X[VLIMQ]XXXXXXX]L]
A*0206  X[VIXXXXXX[V]
A*0206  X[V]XXXXX[V]
A*0206  X[VIXXXXXXX[V]
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A*0207
A*0207
A*0207
A*0214
A*0214
A*0214
B*1501
B*1501
B*1501
Cw*0304
Cw*0304
Cw*0304
Cw*0702
Cw*0702
Cw*0702

X[L][DIXXXXX[L]
X[L][DIXXXX[L]
X[LJ[DIXXXXXX[L]
X[VQLIXXXXXX[LV]
X[VQLIXXXXX[LV]
X[VQLIXXXXXXX[LV]
X[QLIXXXXXX[FY]
X[QLIXXXXX[FY]
X[QLIXXXXXXX[FY]
X[AIXXXXXX[LM]
X[AIXXXXX[LM]
X[AIXXXXXXX[LM]
XXXXXXXX[YFL]
XXXXXXX[YFL]
XXXXXXXXX[YFL]
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Thistable lists epitopes that are experimentally observed to be presented by a HLA type carried by the patient, but the defned epitope has substitutions
relative to the peptides from your reference strains and so might be missed by your reagents: in HXB2 for Gag, Pol; MN for Env; BRU for Nef, relative

to most B clade Sequencesin the database:

Protein Epitopein Database Epitopein Ref. strain Epitopein Consensus B HLA Notes
pl7(77-85) SLFNTVATL SLYNTVATL SLYNTVATL A*0201
RT(179-187) VIYQYMMDL VIYQYMDDL VIYQYMDDL A2
RT(179-187) VIYQYMMDL VIYQYMDDL VIYQYMDDL A2, A*0202
RT(308-317) EILKEPVGHV EILKEPVHGV EILKEPVHGV A*0201
gpl60(121-129) KLTPLCVSL KLTPLCVTL KLTPLCVTL A2
gp160(192-200) KLTSCNTSV RLISCNTSV RLISCNTSV A2
gp160(192-200) TLTSCNTSV RLISCNTSV RLISCNTSV A2
gp160(192-200) TLTSCNTSV RLISCNTSV RLISCNTSV A2.1
gp160(311-320) RGPGRAFVTI IGPGRAFYTT IGPGRAFYTT A*0201
gp160(311-320) RGPGRAFVTI IGPGRAFYTT IGPGRAFYTT A2
gp160(311-320) MGPKRAFYAT IGPGRAFYTT IGPGRAFYTT A2
gp160(369-375) PEIVTHS PEIVMHS PEIVMHS A2
gp160(377-387) NSGGEFFYSNS NCGGEFFYCNT  NCGGEFFYCNT A2
gp160(700-708) AVLSVVNRV AVLSIVNRV AVLSIVNRV A2
gpl60(747-755) RLVNGSLAL RLVHGFLAI RLVDGFLAL A2
gpl60(770-778) RLRDLLLIV HHRDLLLIA RLRDLLLIV A*0201
gp160(813-822) SLLNATDIAV SLLNATAIAV SLLNATAIAV A*0201
gpl160(813-822) SLLNATDIAV SLLNATAIAV SLLNATAIAV A2
gpl160(813-822) SLLNATDIAV SLLNATAIAV SLLNATAIAV A2.1
gpl60(814-822) LLNATDIAV LLNATAIAV LLNATAIAV A2
Nef(135-143) YLPTFGWCY YPLTFGWCY YPLTFGWCF B49
Nef(136-145) PLTFGWCFKL PLTFGWCYKL PLTFGWCFKL A2
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Table 1: p17

HXB2 Location Author Location Sequence Immunogen Species(HLA) References

pl7(77-85) pl7(77-85 Clade A) SLFNTVATL HIV-1 infection human(A*0201) [Dorrell (1999)]

e Epitope SL9: CTL responses in three individuals with non-clade B infections were studied, 2 with subtype A infections, 1 with
subtype C — their infections all originated in East Africa

e This epitope is most commonly SLYNTVATL in B subtype, and CTL from the C subtype infection did not recognize B clade gag or
the 3Y form of the epitope, but do recognize the predominant A and C clade form, SLFNTVATL

Table 2: RT
HXB2 Location Author Location Sequence Immunogen Species(HLA) References
RT(179-187) RT() VIYQYMMDL HIV-1 exposure human(A2) [Rowland-Jones (1998a)]

e A CTL response was found in exposed but uninfected prostitutes from Nairobi using previously-defned B clade epitopes that tended
to be conserved in A and D clades — such cross-reactivity could protect against both A and D and confer protection in Nairobi where
both subtypes are circulating

e The A and D consensus sequences are both VIYQYMMDL

RT(179-187) Pol() VIYQYMMDL HIV-1 exposure human(A2, A*0202) [Rowland-Jones (1998b)]

e HIV-specifc CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection

e Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world

e Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive,
however stronger responses are frequently observed using A or D clade versions of epitopes

e This epitope is conserved among A, B and D clade viruses

RT(308-317) RT() EILKEPVGHV HIV-1 infection human(A*0201) [van der Burg (1997),
Menendez-Arias (1998)]
e Recognized by CTL from a long-term survivor, SPIETVPVKL was also recognized
e Recognized by CTL from a progressor, EELRQHLLRW and TWETWWTEYW were also recognized
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Table 3: gp160

HXB2 Location Author Location Sequence Immunogen Species(HLA) References

gp160(121-129) gp120(121-129) KLTPLCVSL in vitro stimulation  human(A2) [Zarling (1999)]

e This study compares the ability of macrophages and dendritic cells to stimulate primary responses in CD8+ lymphocytes isolated from
HLA-appropriate HIV-uninfected donors using peptide-pulsed APC — the dendritic cells performed better as APC for the stimulation
of primary responses

e Strong CTL responses were elicited by the epitopes DRFYKTLRA and GEI'YKRW!II when presented by either immature or mature
dendritic cells — macrophages were not able to prime a CTL response against DRFYKTLRA

e A weak response to KLTPLCVSL was stimulated using macrophages as the APC

o No detectable response was observed for the following previously-deEned HIV epitopes: KIRLRPGGK, ILKEPVHGV, IRLRPGGK,

GPKVKQWPL
gpl160(192-200) gp120(192-199 HXB2R) KLTSCNTSV HIV-1 infection human(A2) [Brander (1995)]
e Epitope predicted on HLA binding motif, and studied in the context of inclusion in a synthetic vaccine
gpl160(192-200) gpl120(197-205) TLTSCNTSV no CTL shown human(A2) [Garboczi (1992)]
e Crystallization of HLA-A2 molecules complexed with antigenic peptides — refers to Dadaglio et al 1991
gp160(192-200) gp120(199-207) TLTSCNTSV peptide immuniza-  human(A2.1) [Brander (1996)]
tion and HIV-1
infection

e This epitope was recognized by PBMC from 6/14 HIV+ asymptomatic patients
This epitope was used along with pol CTL epitope ALQDSGLEYV and a tetanus toxin T helper epitope for a synthetic vaccine
e This vaccine failed to induce a CTL response, although a helper response was evident

gp160(311-320) gp160(318-327 11IB) RGPGRAFVTI CTL line from HIV- human(A*0201) [Alexander-Miller (1996)]
donor

e This immunogenic peptide does not have the known binding motif for A2.1
e The same optimal peptide for this human HLA-A2.1 epitope was observed for a murine H-2 D¢ epitope

gpl60(311-320) gp160(318-327 11IB) RGPGRAFVTI vaccinia I11B gp160 human(A2) [Achour (1996)]

¢ Individual was immunized with rec vaccinia gp160 111B and boosted with purifed gp160

e Lysis only occurs with 111B P18 peptide pulsed onto autologous targets; MN, RF, SIMI P18 peptides fail to stimulate CTL

e Restimulating immune cells from gp160 1B vaccinees with MN, RF, or SIMI P18 did not enhance the MN, RF, or SIMI specifc
CTL response
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HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

gp160(311-320)

gp160(318-327 SIMI) MGPKRAFYAT vaccinia SIMI human(A2) [Achour (1996)]
gpl160

Individual was immunized with rec vaccinia gp160 SIMI and boosted with purifed recombinant gp160 SIMI

P18 MN and RF peptides were able to stimulate the HIV-specifc CTL that arose in response to the SIMI vaccination, thus the P18
MN peptide (IGPGRAFYTT) and the P18 RF peptide (KGPGRVIYAT) could cross-react

The P18 111B peptide does not cross-react (RGPGRAFVTI in the epitope region)

gp160 SIMI primed immune cells could generate a signi£cantly broader speci£city when stimulated with P18 MN or P18RF peptides,
but not P18 I1IB

gp160(369-375)

gp120(374-380 BRU) PEIVTHS HIV-1 infection human(A2) [Dadaglio (1991)]
De£ned through blocking CTL activity, and Env deletions

gpl60(377-387)

gp120(377-387) NSGGEFFYSNS human(A2) [Hickling (1990)]
Peptides recognized by class | restricted CTL can bind to class Il

gp160(700-708)

gp41(705-714) AVLSVVNRV HIV-1 infection human(A2) [Ferris (1999)]
This epitope is processed by a TAP1/2 dependent mechanism

gp160(747-755)

gp41(747-755) RLVNGSLAL HIV-1 infection human(A2) [Parker (1992)]
Studied in the context of HLA-A2 peptide binding

gp160(770-778)

Env(679-777) RLRDLLLIV HIV-1 infection human(A*0201) [Kmieciak (1998)]

CTL responses in six patients to four Env epitopes were studied: D2: LLNATAIAV, 5.3: RLRDLLLIV, D1: KLTPLCVTL, and 4.3:
QMHEDIISL - all have A2 anchor residues

The C terminal epitopes (D2 and 5.3) were highly variable and the variability was considered responsible for limited CTL response,
while D1 and 4.3, N-terminal epitopes, were much more conserved and gave evidence of high levels of CTL response in vitro
Peptides 5.3 and D2 bound to HLA A*0201 with low afEnity and were variable, particularly D2;

gpl160(813-822)

gp41(814-823 LAI) SLLNATDIAV MN rec gp160 human(A*0201) [Dupuis (1995)]

e Of two CTL clones, one reacted only with 815-823, the other with 814-823 and 815-823
o Noted to be A*0201 in Brander et al., 1999 database
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HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

gpl160(813-822)

gp41(814-823) SLLNATDIAV HIV-1 infection human(A2) [Kundu (1998b)]

Allogeneic dendritic cells (DCs) were obtained from HLA-identical siblings, pulsed with rgp160 MN or A2-restricted HIV-1 epitope
peptides, and infused monthly into six HIV-infected patients

1/6 showed increased env-speciEc CTL and increased lymphoproliferative responses, 2/6 showed increase only in proliferative
responses, and 3/6 showed no change — pulsed DCs were well tolerated

SLLNATDIAV is a conserved HLA-A2 epitope included in this study — 4/6 patients had this sequence as their HIV direct sequence,
and 3 of these had a detectable CTL response — the other two had either the sequence SLFNAIDIAV or SLLNTTDIVV and no
detectable CTL response

CTL demonstrated against peptide-coated target, epitope is naturally processed and enhancible with vaccine

gp160(813-822)

Env(814-823 Clade B) SLLNATDIAV HIV-1 MN rgp160  human(A2.1) [Kundu (1998a)]

Ten HIV-1+ HLA A2 asymptomatic individuals were given two courses of HIV-1 MN rgp160 vaccine over a 2 year period

Two hundred and £fty three HIV-1 peptides of 9 or 10 aa possessing the HLA-A2.1 binding motif (Leu at position 2, Val at the C
terminus) were identifed in gp160, of which 25 had a high or intermediate binding afEnity

Eleven peptides were studied that had high HLA-A2 binding afEnity — a CTL response was detected to 9/11 peptides in at least 1
individual

CTL responses after reimmunization may include recall responses — only individuals with vaccine cross-reactive sequences prior to
vaccination showed detectable CTL responses

CTL to overlapping peptides in this region gave a positive response in the greatest number of patients

ALTERNATIVE EPITOPES: LLNATDIAV and LLNATDIAVA — CTL were induced by vaccine in those that had the sequence
SLLNATAIAVA in their own infection, but not in those with: NLLNTIAIAVA or NLFNTTAIAVA or SLLNATAITVA

gp160(814-822)

gp41(815-823 LAI) LLNATDIAV MN rec gp160 human(A2) [Dupuis (1995)]
Of two CTL clones, one reacted only with 815-823, the other with 814-823 and 815-823
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Table 4: NEf

HXB2 Location Author Location Sequence Immunogen Species(HLA) References

Nef(135-143) Nef() YLPTFGWCY HIV-1 exposure human(B49) [Rowland-Jones (1998b)]

e HIV-specifc CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection

e Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world

e Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive,
however stronger responses are frequently observed using A or D clade versions of epitopes

e This epitope is conserved among A and B clade viruses

e The Clade D version of the epitope, YPLTFGWCF, was preferentially recognized by CTL

Nef(136-145) Nef(136-145) PLTFGWCFKL HIV-1 infection human(A2) [Durali (1998)]

e Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from a person living in France originally from Togo, to different antigens
expressed in vaccinia

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HIV-2 Nef

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env

Patient B18 had the greatest breadth and diversity of response, and recognized Gag SLYNTVATL and Nef PLTFGWCFKL
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Table 5: All De£ned Epitopes within the 20mer, regardless of HLA type

HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(129-136)

p24(263-270 SF2)  IYKRWIIL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

I'YKRWIIL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two specifc
CTL clones were obtained

p24(129-138)

p24(263-272 SF2)  IYKRWIILGL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

IYKRWIILGL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two
speci£c CTL clones were obtained

p24(129-138)

p24(263-272) IYKRWIILGL HIV-1 infection human(B27) [Betts (2000)]

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant
Ninty £ve optimally defned peptides from this database were used to screen for gamma interferon responses to other epitopes
1/11 of the A2+ individuals was B27 and responded to I'YKRWIILGL

p24(130-148)

p24(265-280 BRU) YKRWIILGLNKIVRMYSPT HIV-1 infection human(B27) [Dadaglio (1991)]
Used as a positive control for HLA speci£city

p24(131-139)

p24(263-272) KRWIILGNK HIV-1 infection human(B27) [Durali (1998)]

Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from a person living in France originally from Togo, to different antigens
expressed in vaccinia

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HIV-2 Nef

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env

One of the patients was shown to react to this epitope: KRWIILGNK
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HXB2 Location Author Location Sequence Immunogen Species(HLA) References

p24(131-139) Gag(265-273) KRWIILGLN HIV-1 infection chimpanzee(Patr- [Balla-Jhagjhoorsingh
B*03) (1999)]
e Certain HLA-alleles have been associated with long-term survival — among them are HLA-B*27 and HLA-B*57

Of more than 150 chimpanzees that have been reported to be infected with HIV-1, only one has developed AIDS

e CTL responses were studied in two HIV-1 infected chimpanzees that have strong CTL responses, and they were found to respond to
highly conserved epitopes that are recognized in humans in the context of HLA-B*27 and HLA-B*57

e The human HLA protein which presents this Patr-B*03 epitope is HLA B*2705 but the amino acid sequences in the binding pockets
of HLA-B*2705 and Patr-B*03 are distinctive

p24(131-140) Gag(263-272 LAI) KRWILLGLNK HIV-1 infection human() [Buseyne (1993a)]

Vertical transmission of HIV ranges from 13% to 39%

Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children
Epitopes recognized in £ve children were mapped using synthetic peptides and secondary cultures

Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag

p24(131-140) P24(263-272) KRWIILLGLNK HIV-1 infection human(B*27) [Huang (2000)]

e The single cell ELISPOT assay was optimized and highly specifc, and found to work well even after the primary cells had been

frozen and thawed . . . i L
e Increases in gamma interferon producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-

production ELISPOT
e In 3/3 HLA A*02, B*27 individuals, the dominant response in gag measured by both gamma IFN production and T cell lysis was to
the B27 epitope, KRWIILLGLNK, not the A2 SLYNTVATL epitope

p24(131-140) p24(263-272 SF2) KRWIILGLNK HIV-1 infection human(B*27) [McAdam (1998)]
o Epitope invariant across clades A, B, C, and D

p24(131-140) p24(260-269 HIV-2) RRWIQLGLQK human(B*2703) [Brander & Goulder(2001)]
C. Brander notes this is a B*2703 epitope
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HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(131-140)

p24() KRWIILGGLNK HIV-1 infection human(B*2705) [Wilson (2000)]

Three individuals with highly focused HIV-speciEc CTL responses were studied during acute infection using tetramers — high
frequencies of HIV-1-specif£c CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between
the number of circulating HIV-specifc T cells and viral load was also found

All three patients were B*2705, with HLA alleles: Al, A30/31, B*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39

Tetramers with peptide variants KRWIILGGLNK and KRWIIMGGLNK were used — CTL from most B27 donors recognize both
variants, although one of the three subjects recognized only KRWIILGGLNK

ELISPOT was used to test a panel of CTL epitopes that had been defned earlier and were appropriate for the HLA haplotypes of the
study subjects — 3/3 subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK

The subject with A*0201 had a moderatly strong strong response to SLYNTVATL

Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was
HLA Al, A*0301, B7, B*2705

No acute response was detected to the following epitopes: A*201-ILKEPVHGV, A*301-KIRLRPGGK, A*301-AIFQSSMTK,
A*BOléTVYYGVPVWK, B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-
DPNPQEVVL

p24(131-140)

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B*2705) [Brander & Goulder(2001)]

C. Brander notes this is a B*2705 epitope

p24(263-272 LAl) KRWIILGLNK HIV-1 infection human(B*2705,B27) EGé)guld;e]r (1997b), Goulder
1997a

HLA-B*2705 is associated with slow HIV disease progression

11/11 HLA-B*2705 donors make a response to this epitope, usually an immunodominant response

This is a highly conserved epitope

The HLA-B*2705 binding motif includes R at position 2, and L in the C-term position

[Goulder (1997a)] is a review on CTL immune escape that discusses this epitope in the context of the difEculty in detection of
immune escape - KRWIILGLNK and an R2K change, KKWIILGLNK, show little difference in titration curves, yet the K2 variants
fail to bind to targets for more than 1 hour, while the R2 form can sensitize lysis by CTL for over 24 hours — minigene transfection
experiments confrmed the importance of this for the CTL response

p24(131-140)

p24(260-269 HIV-2) RRWIQLGLQK human(B27) [Brander & Walker(1996)]
HIV-2, HLA-B*2703, S. Rowland-Jones, Pers. Comm.

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied
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HXB2 Location Author L ocation Sequence Immunogen Species(HLA) References

p24(131-140) Gag(263-272) KRWIILGLNK HIV-1 infection human(B27) [Zheng (1999)]

e Protein delivery (gp160 LAV, p66 LAV, and p24 NY5) to human dendritic cells (DC) with liposomes provides enhanced memory
CTL response relative to delivery of protein alone

e Chloroquine administration enhanced epitope presentation, and brefeldin A and peptide aldehyde inhibitors inhibited antigen presen-
tation, suggesting epitopes were processed by classical proteasome pathway

e The CTL response to p24 was measured in individuals with a response to B27-KRWIILGLNK

p24(131-140) p24(263-272 LAl)  KRWIILGLNK HIV-1 infection human(B27) [Wilson (1998)]

e HIV+ individuals were followed longitudinally using MHC tetramers in combination with 14 anti-BV chain MAbs, and clonal
expansion of HIV-specifc T cells was followed in vivo
e Seven HIV+ people were studied, and all showed expansions of particular TCR BV clones, often several, relative to uninfected

controls
e Three patients were followed in detail, TCR VB expansions persisted for 2 to 3 years, with occasional transient increases

p24(131-140) p24() KRWIILGLNK HIV infection human(B27) [Rowland-Jones (1997)]
o Described in this review as the £rst identifed HIV CTL epitope
p24(131-140) p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Buseyne (1993b)]
o Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
p24(131-140) p24(263-272 LAI)  KRWIILGLNK HIV-1 infection human(B27) [McMichael &
Walker(1994)]

e Review of HIV CTL epitopes

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1994)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1995)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(265-274) KRWIILGLNK HIV infection human(B27) [Moss (1995)]

e Inone individual, TCR usage changed over time indicating that new populations of CTL can be recruited
TCR usage showed a CTL clonal response to this epitope that persisted over 5 years
e CTL clones specifc for HIV epitopes may represent between 0.2 and 1% of the total CD8+ population of T cells
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HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(131-140)

p24(131-140)

p24(265-276) KRWIILGLNK human(B27) [Carreno (1992)]

Included in HLA-B27 binding peptide competition study

p24(265-274 SF2) KRWIILGLNK HIV-1 infection human(B27) [Phillips (1991), Goulder
(1997a)]

Longitudinal study of CTL escape mutants — little variation was observed in the immunodominant B27 epitope, relative to B8 epitope
[Goulder (1997a)] is a review of immune escape that points out that there may be a protective effect associated with B27, and that
HLA-B8 individuals tend to progress more rapidly than HLA B27 patients

p24(131-140)

p24(263-272) KRWIILGLNK HIV-1 infection human(B27) ENietfe)Iij (1995), Goulder
1997a

Single point mutations were introduced and viral viability and CTL recognition tested — an Arg to Lys change at anchor position P2

abrogates binding to B27, but doesn,,t change viral viability in vitro

[Goulder (1997a)] is a review of immune escape that summarizes this study

p24(131-140)

p24(131-140)

p24(263-272) KRWIIMGNK HIV-1 infection human(B27) [Nowak (1995)]

Longitudinal study of CTL response and immune escape — the form KRWIILGNK was also found, and both forms stimulate CTL

p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) EGouId)e]r (1997c¢), Goulder
1997a

Six HLA-B27 donors studied make a strong response to this epitope

In 4/6 cases, this was the immunodominant or only CTL response

Two of the cases had an epitope switch to the form KKWIIMGLNK during a period of rapid decline to AIDS, following their
asymptomatic period

The arginine to lysine switch is in an anchor residue, and results in immune escape due to severely diminished binding to the B27

molecule
[Goulder (1997a)] is a review of immune escape that summarizes this study in the context of CTL escape to £xation

p24(131-140)

p24() KRWIILGLNK human(B27) [Rowland-Jones (1999)]

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women

had no delta 32 deletion in CCR5 ) ) ) )
In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive,

and the B35 allele seems to be protective
HIV-2 sequence: RRWIQLGLQK - this epitope was not HIV-1 and HIV-2 cross-reactive

20
DEC 2000



HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(131-140)

Gag() KRWILGLNK none, computer (B27) [Schafer (1998)]
prediction

This study uses EpiMatrix for T cell epitope prediction to identify possible HLA-B27 and A-2 CTL epitopes in HIV

Based on EpiMatrix predictions, 28 peptides were synthesized and tested using T2 binding assays for potential HLA A2 or B27

binding, and 12 of these were shown to bind to the predicted HLA molecule

Two of these 12 peptides had been previously identifed as CTL epitopes: HLA-B27 KRWILGLNK and HLA-A2 ILKEPVHGV

This peptide sequence is not conserved between clades, but is found in most B clade isolates

p24(131-140)

p24(263-282) KRWIILGLNK HIV-1 infection human(B27) [Bernard (1998)]

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune
dysregulation — such immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected
population

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs - XRXXXXXXXK is a B*2705 binding
motif

p24(131-142)

p24(265-276) KRWIILGLNKIV no CTL shown human(B27) [Jardetzky (1991)]
Epitope examined in the context of peptide binding to HLA-B27

p24(131-142)

p24(263-274 LAI)  KRWIILGLNKIV HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied

p24(131-145)

p24() KRWILGLNKIVRMY HIV-1 infection human() [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston with unknown HLA - this
epitope did not fall within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(131-145)

p24(263-277 LAI) KRWIILGLNKIVMRY HIV-1 infection human(A33) [Buseyne (1993b)]
Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
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HXB2 Location Author Location Sequence Immunogen Species(HLA) References

p24(131-145) p24(266-277) KRWIILGLNKIVRMY rec gag-vaccinia human(B27) [Nixon (1988)]
Gag CTL epitope mapped with rec gag-vaccinia and synthetic peptides
This was the £rst HIV-1 epitope to be mapped

p24(131-145) p24(266-277 LAl)  KRWIILGLNKIVMRY HIV-1 infection human(B27) [Meyerhans (1991)]
Longitudinal study showing persistence of epitope despite CTL activity

p24(131-145) p24(265-279) KRWIILGLNKIVRMY HIV-1 infection human(B27) [Nixon (1990), Rowland-

Jones (1999)]
HIV-1 and HIV-2 cross-reactive CTL clone, highly conserved epitope

Reviewed in Rowland-Jones99, notes that it did not appear cross-reactive with HIV-2 in Rowland-Jones98, HIV-2 form: RRWIQL-
GLQK

p24(131-146)

p24(265-279) KRWIILGLNKIVRMYC HIV-1 infection human(B27)
HLA-B27 restricted epitope also binds to HLA-A2 and HLA-B37 in solid phase assay

[Bouillot (1989)]

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human() [Weekes (1999a)]

Peptide 728: Memory CTL specifc for HIV-1 may contribute to oligoclonal expansions within the CD57+ CD28- CD8+ CTLp
populations

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human(B27) [Weekes (1999b)]

Peptide 728: Almost all CD8+ T cells are CD28+ at birth, and the proportion of CD28-CD8+ cells increases with age — this study
examines the contribution of CD8+CD28- cells to CTL memory pools for CTL clones specifc for two persistent human viruses,
CMV and HIV - clones were found to be similarly distributed the CD28 depleted cell population

HIV CTL responses to 3 Env and 2 Gag peptides were studied

The clonal composition of the TCR Vbeta responses were studied and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-speci£c response — clones to this epitope were Vbeta22.1

p24(134-143)

p24() IHILGLNKIVR HIV-1 exposure human(A33) [Rowland-Jones (1998b)]

HIV-specifc CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive,
however stronger responses are frequently observed using A or D clade versions of epitopes

This epitope is conserved among A, B and D clade viruses
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p24(136-145) p24(268-277 LAl) LGLNKIVRMY Predicted from human(Bw62) [McMichael &
larger peptide Walker(1994)]

o Review of HIV CTL epitopes
e Also P. Johnson, Pers. Comm.

p24(136-146) p24(271-281) LGLNKIVRMYS HIV-1 infection human(B62) [Lubaki (1997)]

e Eighty two HIV-1-specifc CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response

. éssﬁjgr%iened Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal
e A subject who was B62+ had CTL that recognized this peptide, p17 KIRLRPGGKKKYKL, and one additional unknown epitope

e The two clones that recognized this epitope used two different V3 genes, further demonstrating a polyclonal response

p24(137-145) p24() GLNKIVRMY HIV-1 infection human() [Goulder (2000)]

e The CTL-dominant response was focused on this epitope in a HIV+ South African living in Durban, HLA A2/- B5802/62 Cw4/6 —
this epitope did not fall within the three most recognized peptides in the study

e Three peptides GSEELRSLYNTVATL (pl17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

e Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specifc
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(137-145) p24(272-280 LAI) GLNKIVRMY HIV-1 infection human(B*1501) [Brander & Goulder(2001)]
e C. Brander notes this is a B*1501 epitope

p24(137-145) p24(272-280 LAl)  GLNKIVRMY HIV-1 infection human(B62) [Goulder (1997a)]

e This paper is a review of CTL and immune evasion, but it presents a study of a shift from an HLA-A*0201 response to SLYNTVATL,
to a B62 response to GLNKIVRMY

e As long as a strong CTL response to SLYNTVATL was evident, the epitope variants SLFNTVATL or SLYNTIATL dominated the
viral population — eventually the CTL response to the index peptide became undetectable, the CTL response shifted to a focus on
GLNKIVRMY, and the index peptide SLYNTVATL once again established itself as the dominant form
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Author Location Sequence Immunogen Species(HLA) References

p24(137-145)

p24() GLNKIVRMY HIV-1 infection human(B62) [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston — this epitope did not fall
within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-speci£c epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa

24
DEC 2000



Table6: All De£ned Epitopes within the 20mer, regardless of HLA type

HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(129-136)

p24(263-270 SF2)  IYKRWIIL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

I'YKRWIIL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two specifc
CTL clones were obtained

p24(129-138)

p24(263-272 SF2)  IYKRWIILGL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

IYKRWIILGL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two
speci£c CTL clones were obtained

p24(129-138)

p24(263-272) IYKRWIILGL HIV-1 infection human(B27) [Betts (2000)]

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant
Ninty £ve optimally defned peptides from this database were used to screen for gamma interferon responses to other epitopes
1/11 of the A2+ individuals was B27 and responded to I'YKRWIILGL

p24(130-148)

p24(265-280 BRU) YKRWIILGLNKIVRMYSPT HIV-1 infection human(B27) [Dadaglio (1991)]
Used as a positive control for HLA speci£city

p24(131-139)

p24(263-272) KRWIILGNK HIV-1 infection human(B27) [Durali (1998)]

Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from a person living in France originally from Togo, to different antigens
expressed in vaccinia

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HIV-2 Nef

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env

One of the patients was shown to react to this epitope: KRWIILGNK
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p24(131-139) Gag(265-273) KRWIILGLN HIV-1 infection chimpanzee(Patr- [Balla-Jhagjhoorsingh
B*03) (1999)]
e Certain HLA-alleles have been associated with long-term survival — among them are HLA-B*27 and HLA-B*57

Of more than 150 chimpanzees that have been reported to be infected with HIV-1, only one has developed AIDS

e CTL responses were studied in two HIV-1 infected chimpanzees that have strong CTL responses, and they were found to respond to
highly conserved epitopes that are recognized in humans in the context of HLA-B*27 and HLA-B*57

e The human HLA protein which presents this Patr-B*03 epitope is HLA B*2705 but the amino acid sequences in the binding pockets
of HLA-B*2705 and Patr-B*03 are distinctive

p24(131-140) Gag(263-272 LAI) KRWILLGLNK HIV-1 infection human() [Buseyne (1993a)]

Vertical transmission of HIV ranges from 13% to 39%

Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children
Epitopes recognized in £ve children were mapped using synthetic peptides and secondary cultures

Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag

p24(131-140) P24(263-272) KRWIILLGLNK HIV-1 infection human(B*27) [Huang (2000)]

e The single cell ELISPOT assay was optimized and highly specifc, and found to work well even after the primary cells had been

frozen and thawed . . . i L
e Increases in gamma interferon producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-

production ELISPOT
e In 3/3 HLA A*02, B*27 individuals, the dominant response in gag measured by both gamma IFN production and T cell lysis was to
the B27 epitope, KRWIILLGLNK, not the A2 SLYNTVATL epitope

p24(131-140) p24(263-272 SF2) KRWIILGLNK HIV-1 infection human(B*27) [McAdam (1998)]
o Epitope invariant across clades A, B, C, and D

p24(131-140) p24(260-269 HIV-2) RRWIQLGLQK human(B*2703) [Brander & Goulder(2001)]
C. Brander notes this is a B*2703 epitope
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p24(131-140)

p24() KRWIILGGLNK HIV-1 infection human(B*2705) [Wilson (2000)]

Three individuals with highly focused HIV-speciEc CTL responses were studied during acute infection using tetramers — high
frequencies of HIV-1-specif£c CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between
the number of circulating HIV-specifc T cells and viral load was also found

All three patients were B*2705, with HLA alleles: Al, A30/31, B*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39

Tetramers with peptide variants KRWIILGGLNK and KRWIIMGGLNK were used — CTL from most B27 donors recognize both
variants, although one of the three subjects recognized only KRWIILGGLNK

ELISPOT was used to test a panel of CTL epitopes that had been defned earlier and were appropriate for the HLA haplotypes of the
study subjects — 3/3 subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK

The subject with A*0201 had a moderatly strong strong response to SLYNTVATL

Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was
HLA Al, A*0301, B7, B*2705

No acute response was detected to the following epitopes: A*201-ILKEPVHGV, A*301-KIRLRPGGK, A*301-AIFQSSMTK,
A*BOléTVYYGVPVWK, B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-
DPNPQEVVL

p24(131-140)

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B*2705) [Brander & Goulder(2001)]

C. Brander notes this is a B*2705 epitope

p24(263-272 LAl) KRWIILGLNK HIV-1 infection human(B*2705,B27) EGé)guld;e]r (1997b), Goulder
1997a

HLA-B*2705 is associated with slow HIV disease progression

11/11 HLA-B*2705 donors make a response to this epitope, usually an immunodominant response

This is a highly conserved epitope

The HLA-B*2705 binding motif includes R at position 2, and L in the C-term position

[Goulder (1997a)] is a review on CTL immune escape that discusses this epitope in the context of the difEculty in detection of
immune escape - KRWIILGLNK and an R2K change, KKWIILGLNK, show little difference in titration curves, yet the K2 variants
fail to bind to targets for more than 1 hour, while the R2 form can sensitize lysis by CTL for over 24 hours — minigene transfection
experiments confrmed the importance of this for the CTL response

p24(131-140)

p24(260-269 HIV-2) RRWIQLGLQK human(B27) [Brander & Walker(1996)]
HIV-2, HLA-B*2703, S. Rowland-Jones, Pers. Comm.

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied
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p24(131-140) Gag(263-272) KRWIILGLNK HIV-1 infection human(B27) [Zheng (1999)]

e Protein delivery (gp160 LAV, p66 LAV, and p24 NY5) to human dendritic cells (DC) with liposomes provides enhanced memory
CTL response relative to delivery of protein alone

e Chloroquine administration enhanced epitope presentation, and brefeldin A and peptide aldehyde inhibitors inhibited antigen presen-
tation, suggesting epitopes were processed by classical proteasome pathway

e The CTL response to p24 was measured in individuals with a response to B27-KRWIILGLNK

p24(131-140) p24(263-272 LAl)  KRWIILGLNK HIV-1 infection human(B27) [Wilson (1998)]

e HIV+ individuals were followed longitudinally using MHC tetramers in combination with 14 anti-BV chain MAbs, and clonal
expansion of HIV-specifc T cells was followed in vivo
e Seven HIV+ people were studied, and all showed expansions of particular TCR BV clones, often several, relative to uninfected

controls
e Three patients were followed in detail, TCR VB expansions persisted for 2 to 3 years, with occasional transient increases

p24(131-140) p24() KRWIILGLNK HIV infection human(B27) [Rowland-Jones (1997)]
o Described in this review as the £rst identifed HIV CTL epitope
p24(131-140) p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Buseyne (1993b)]
o Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
p24(131-140) p24(263-272 LAI)  KRWIILGLNK HIV-1 infection human(B27) [McMichael &
Walker(1994)]

e Review of HIV CTL epitopes

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1994)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1995)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(265-274) KRWIILGLNK HIV infection human(B27) [Moss (1995)]

e Inone individual, TCR usage changed over time indicating that new populations of CTL can be recruited
TCR usage showed a CTL clonal response to this epitope that persisted over 5 years
e CTL clones specifc for HIV epitopes may represent between 0.2 and 1% of the total CD8+ population of T cells
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Author Location Sequence Immunogen Species(HLA) References

p24(131-140)

p24(131-140)

p24(265-276) KRWIILGLNK human(B27) [Carreno (1992)]

Included in HLA-B27 binding peptide competition study

p24(265-274 SF2) KRWIILGLNK HIV-1 infection human(B27) [Phillips (1991), Goulder
(1997a)]

Longitudinal study of CTL escape mutants — little variation was observed in the immunodominant B27 epitope, relative to B8 epitope
[Goulder (1997a)] is a review of immune escape that points out that there may be a protective effect associated with B27, and that
HLA-B8 individuals tend to progress more rapidly than HLA B27 patients

p24(131-140)

p24(263-272) KRWIILGLNK HIV-1 infection human(B27) ENietfe)Iij (1995), Goulder
1997a

Single point mutations were introduced and viral viability and CTL recognition tested — an Arg to Lys change at anchor position P2

abrogates binding to B27, but doesn,,t change viral viability in vitro

[Goulder (1997a)] is a review of immune escape that summarizes this study

p24(131-140)

p24(131-140)

p24(263-272) KRWIIMGNK HIV-1 infection human(B27) [Nowak (1995)]

Longitudinal study of CTL response and immune escape — the form KRWIILGNK was also found, and both forms stimulate CTL

p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) EGouId)e]r (1997c¢), Goulder
1997a

Six HLA-B27 donors studied make a strong response to this epitope

In 4/6 cases, this was the immunodominant or only CTL response

Two of the cases had an epitope switch to the form KKWIIMGLNK during a period of rapid decline to AIDS, following their
asymptomatic period

The arginine to lysine switch is in an anchor residue, and results in immune escape due to severely diminished binding to the B27

molecule
[Goulder (1997a)] is a review of immune escape that summarizes this study in the context of CTL escape to £xation

p24(131-140)

p24() KRWIILGLNK human(B27) [Rowland-Jones (1999)]

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women

had no delta 32 deletion in CCR5 ) ) ) )
In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive,

and the B35 allele seems to be protective
HIV-2 sequence: RRWIQLGLQK - this epitope was not HIV-1 and HIV-2 cross-reactive
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p24(131-140)

Gag() KRWILGLNK none, computer (B27) [Schafer (1998)]
prediction

This study uses EpiMatrix for T cell epitope prediction to identify possible HLA-B27 and A-2 CTL epitopes in HIV

Based on EpiMatrix predictions, 28 peptides were synthesized and tested using T2 binding assays for potential HLA A2 or B27

binding, and 12 of these were shown to bind to the predicted HLA molecule

Two of these 12 peptides had been previously identifed as CTL epitopes: HLA-B27 KRWILGLNK and HLA-A2 ILKEPVHGV

This peptide sequence is not conserved between clades, but is found in most B clade isolates

p24(131-140)

p24(263-282) KRWIILGLNK HIV-1 infection human(B27) [Bernard (1998)]

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune
dysregulation — such immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected
population

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs - XRXXXXXXXK is a B*2705 binding
motif

p24(131-142)

p24(265-276) KRWIILGLNKIV no CTL shown human(B27) [Jardetzky (1991)]
Epitope examined in the context of peptide binding to HLA-B27

p24(131-142)

p24(263-274 LAI)  KRWIILGLNKIV HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied

p24(131-145)

p24() KRWILGLNKIVRMY HIV-1 infection human() [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston with unknown HLA - this
epitope did not fall within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(131-145)

p24(263-277 LAI) KRWIILGLNKIVMRY HIV-1 infection human(A33) [Buseyne (1993b)]
Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
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HXB2 Location Author Location Sequence Immunogen Species(HLA) References

p24(131-145) p24(266-277) KRWIILGLNKIVRMY rec gag-vaccinia human(B27) [Nixon (1988)]
Gag CTL epitope mapped with rec gag-vaccinia and synthetic peptides
This was the £rst HIV-1 epitope to be mapped

p24(131-145) p24(266-277 LAl)  KRWIILGLNKIVMRY HIV-1 infection human(B27) [Meyerhans (1991)]
Longitudinal study showing persistence of epitope despite CTL activity

p24(131-145) p24(265-279) KRWIILGLNKIVRMY HIV-1 infection human(B27) [Nixon (1990), Rowland-

Jones (1999)]
HIV-1 and HIV-2 cross-reactive CTL clone, highly conserved epitope

Reviewed in Rowland-Jones99, notes that it did not appear cross-reactive with HIV-2 in Rowland-Jones98, HIV-2 form: RRWIQL-
GLQK

p24(131-146)

p24(265-279) KRWIILGLNKIVRMYC HIV-1 infection human(B27)
HLA-B27 restricted epitope also binds to HLA-A2 and HLA-B37 in solid phase assay

[Bouillot (1989)]

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human() [Weekes (1999a)]

Peptide 728: Memory CTL specifc for HIV-1 may contribute to oligoclonal expansions within the CD57+ CD28- CD8+ CTLp
populations

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human(B27) [Weekes (1999b)]

Peptide 728: Almost all CD8+ T cells are CD28+ at birth, and the proportion of CD28-CD8+ cells increases with age — this study
examines the contribution of CD8+CD28- cells to CTL memory pools for CTL clones specifc for two persistent human viruses,
CMV and HIV - clones were found to be similarly distributed the CD28 depleted cell population

HIV CTL responses to 3 Env and 2 Gag peptides were studied

The clonal composition of the TCR Vbeta responses were studied and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-speci£c response — clones to this epitope were Vbeta22.1

p24(134-143)

p24() IHILGLNKIVR HIV-1 exposure human(A33) [Rowland-Jones (1998b)]

HIV-specifc CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive,
however stronger responses are frequently observed using A or D clade versions of epitopes

This epitope is conserved among A, B and D clade viruses
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p24(136-145) p24(268-277 LAl) LGLNKIVRMY Predicted from human(Bw62) [McMichael &
larger peptide Walker(1994)]

o Review of HIV CTL epitopes
e Also P. Johnson, Pers. Comm.

p24(136-146) p24(271-281) LGLNKIVRMYS HIV-1 infection human(B62) [Lubaki (1997)]

e Eighty two HIV-1-specifc CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response

. éssﬁjgr%iened Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal
e A subject who was B62+ had CTL that recognized this peptide, p17 KIRLRPGGKKKYKL, and one additional unknown epitope

e The two clones that recognized this epitope used two different V3 genes, further demonstrating a polyclonal response

p24(137-145) p24() GLNKIVRMY HIV-1 infection human() [Goulder (2000)]

e The CTL-dominant response was focused on this epitope in a HIV+ South African living in Durban, HLA A2/- B5802/62 Cw4/6 —
this epitope did not fall within the three most recognized peptides in the study

e Three peptides GSEELRSLYNTVATL (pl17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

e Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specifc
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(137-145) p24(272-280 LAI) GLNKIVRMY HIV-1 infection human(B*1501) [Brander & Goulder(2001)]
e C. Brander notes this is a B*1501 epitope

p24(137-145) p24(272-280 LAl)  GLNKIVRMY HIV-1 infection human(B62) [Goulder (1997a)]

e This paper is a review of CTL and immune evasion, but it presents a study of a shift from an HLA-A*0201 response to SLYNTVATL,
to a B62 response to GLNKIVRMY

e As long as a strong CTL response to SLYNTVATL was evident, the epitope variants SLFNTVATL or SLYNTIATL dominated the
viral population — eventually the CTL response to the index peptide became undetectable, the CTL response shifted to a focus on
GLNKIVRMY, and the index peptide SLYNTVATL once again established itself as the dominant form
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p24(137-145)

p24() GLNKIVRMY HIV-1 infection human(B62) [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston — this epitope did not fall
within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-speci£c epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa
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Table 7: All De£ned Epitopes within the 20mer, regardless of HLA type

HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(129-136)

p24(263-270 SF2)  IYKRWIIL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

I'YKRWIIL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two specifc
CTL clones were obtained

p24(129-138)

p24(263-272 SF2)  IYKRWIILGL HIV-1 infection human(A*2402) [Ikeda-Moore (1997)]

De£ned using reverse immunogenetics — 59 HLA-A*2402 binding peptides were predicted by searching for A*2402 anchors in HIV
proteins (Tyr at 2, and Phe, Leu or lle at the C term) — 53 of the 59 peptides bound A*2402

This peptide induced CTL in 1/4 HIV-1+ people tested

IYKRWIILGL bound to A*2402 with medium strength, the epitope can be processed in a vaccinia construct and presented — two
speci£c CTL clones were obtained

p24(129-138)

p24(263-272) IYKRWIILGL HIV-1 infection human(B27) [Betts (2000)]

Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted to SLYNTVATL, calling into question whether it is immunodominant
Ninty £ve optimally defned peptides from this database were used to screen for gamma interferon responses to other epitopes
1/11 of the A2+ individuals was B27 and responded to I'YKRWIILGL

p24(130-148)

p24(265-280 BRU) YKRWIILGLNKIVRMYSPT HIV-1 infection human(B27) [Dadaglio (1991)]
Used as a positive control for HLA speci£city

p24(131-139)

p24(263-272) KRWIILGNK HIV-1 infection human(B27) [Durali (1998)]

Cross-clade CTL response was studied by determining the CTL activity in seven patients from Bangui, (6 A subtype, and 1 AG
recombinant infections) and one A subtype infection from a person living in France originally from Togo, to different antigens
expressed in vaccinia

Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B subtype, and HIV-2 Pol was not tested

Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with HIV-2 Gag

Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B subtype, none with HIV-2 Nef

Env reactivity: 3/8 reacted with A subtype, 1/8 with B subtype, none with HIV-2 Env

One of the patients was shown to react to this epitope: KRWIILGNK
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p24(131-139) Gag(265-273) KRWIILGLN HIV-1 infection chimpanzee(Patr- [Balla-Jhagjhoorsingh
B*03) (1999)]
e Certain HLA-alleles have been associated with long-term survival — among them are HLA-B*27 and HLA-B*57

Of more than 150 chimpanzees that have been reported to be infected with HIV-1, only one has developed AIDS

e CTL responses were studied in two HIV-1 infected chimpanzees that have strong CTL responses, and they were found to respond to
highly conserved epitopes that are recognized in humans in the context of HLA-B*27 and HLA-B*57

e The human HLA protein which presents this Patr-B*03 epitope is HLA B*2705 but the amino acid sequences in the binding pockets
of HLA-B*2705 and Patr-B*03 are distinctive

p24(131-140) Gag(263-272 LAI) KRWILLGLNK HIV-1 infection human() [Buseyne (1993a)]

Vertical transmission of HIV ranges from 13% to 39%

Primary assays showed cytotoxic activity against at least one HIV protein was detected in 70% of infected children
Epitopes recognized in £ve children were mapped using synthetic peptides and secondary cultures

Patient EM28 (CDC P2A) had a CTL response to four epitopes in Gag

p24(131-140) P24(263-272) KRWIILLGLNK HIV-1 infection human(B*27) [Huang (2000)]

e The single cell ELISPOT assay was optimized and highly specifc, and found to work well even after the primary cells had been

frozen and thawed . . . i L
e Increases in gamma interferon producing cells were observed in response to anti-retroviral therapy using single cell IFN-gamma-

production ELISPOT
e In 3/3 HLA A*02, B*27 individuals, the dominant response in gag measured by both gamma IFN production and T cell lysis was to
the B27 epitope, KRWIILLGLNK, not the A2 SLYNTVATL epitope

p24(131-140) p24(263-272 SF2) KRWIILGLNK HIV-1 infection human(B*27) [McAdam (1998)]
o Epitope invariant across clades A, B, C, and D

p24(131-140) p24(260-269 HIV-2) RRWIQLGLQK human(B*2703) [Brander & Goulder(2001)]
C. Brander notes this is a B*2703 epitope
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p24(131-140)

p24() KRWIILGGLNK HIV-1 infection human(B*2705) [Wilson (2000)]

Three individuals with highly focused HIV-speciEc CTL responses were studied during acute infection using tetramers — high
frequencies of HIV-1-specif£c CD8+ T cells were found prior to seroconversion, and there was a close temporal relationship between
the number of circulating HIV-specifc T cells and viral load was also found

All three patients were B*2705, with HLA alleles: Al, A30/31, B*2705, B35; Al, A*0301, B7, B2705; and A*0201, A*0301,
B2705, B39

Tetramers with peptide variants KRWIILGGLNK and KRWIIMGGLNK were used — CTL from most B27 donors recognize both
variants, although one of the three subjects recognized only KRWIILGGLNK

ELISPOT was used to test a panel of CTL epitopes that had been defned earlier and were appropriate for the HLA haplotypes of the
study subjects — 3/3 subjects showed a dominant response to the B*2705 epitope KRWIILGGLNK

The subject with A*0201 had a moderatly strong strong response to SLYNTVATL

Weak responses were observed to A*301-RLRPGGKKK, A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the subject who was
HLA Al, A*0301, B7, B*2705

No acute response was detected to the following epitopes: A*201-ILKEPVHGV, A*301-KIRLRPGGK, A*301-AIFQSSMTK,
A*BOléTVYYGVPVWK, B35-EPIVGAETF, B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY, B35-VPLRPMTY, B35-
DPNPQEVVL

p24(131-140)

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B*2705) [Brander & Goulder(2001)]

C. Brander notes this is a B*2705 epitope

p24(263-272 LAl) KRWIILGLNK HIV-1 infection human(B*2705,B27) EGé)guld;e]r (1997b), Goulder
1997a

HLA-B*2705 is associated with slow HIV disease progression

11/11 HLA-B*2705 donors make a response to this epitope, usually an immunodominant response

This is a highly conserved epitope

The HLA-B*2705 binding motif includes R at position 2, and L in the C-term position

[Goulder (1997a)] is a review on CTL immune escape that discusses this epitope in the context of the difEculty in detection of
immune escape - KRWIILGLNK and an R2K change, KKWIILGLNK, show little difference in titration curves, yet the K2 variants
fail to bind to targets for more than 1 hour, while the R2 form can sensitize lysis by CTL for over 24 hours — minigene transfection
experiments confrmed the importance of this for the CTL response

p24(131-140)

p24(260-269 HIV-2) RRWIQLGLQK human(B27) [Brander & Walker(1996)]
HIV-2, HLA-B*2703, S. Rowland-Jones, Pers. Comm.

p24(131-140)

p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied

36
DEC 2000



HXB2 Location Author L ocation Sequence Immunogen Species(HLA) References

p24(131-140) Gag(263-272) KRWIILGLNK HIV-1 infection human(B27) [Zheng (1999)]

e Protein delivery (gp160 LAV, p66 LAV, and p24 NY5) to human dendritic cells (DC) with liposomes provides enhanced memory
CTL response relative to delivery of protein alone

e Chloroquine administration enhanced epitope presentation, and brefeldin A and peptide aldehyde inhibitors inhibited antigen presen-
tation, suggesting epitopes were processed by classical proteasome pathway

e The CTL response to p24 was measured in individuals with a response to B27-KRWIILGLNK

p24(131-140) p24(263-272 LAl)  KRWIILGLNK HIV-1 infection human(B27) [Wilson (1998)]

e HIV+ individuals were followed longitudinally using MHC tetramers in combination with 14 anti-BV chain MAbs, and clonal
expansion of HIV-specifc T cells was followed in vivo
e Seven HIV+ people were studied, and all showed expansions of particular TCR BV clones, often several, relative to uninfected

controls
e Three patients were followed in detail, TCR VB expansions persisted for 2 to 3 years, with occasional transient increases

p24(131-140) p24() KRWIILGLNK HIV infection human(B27) [Rowland-Jones (1997)]
o Described in this review as the £rst identifed HIV CTL epitope
p24(131-140) p24(263-272 LAI) KRWIILGLNK HIV-1 infection human(B27) [Buseyne (1993b)]
o Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
p24(131-140) p24(263-272 LAI)  KRWIILGLNK HIV-1 infection human(B27) [McMichael &
Walker(1994)]

e Review of HIV CTL epitopes

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1994)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) [Klenerman (1995)]
e Naturally occurring variant KRWIILGLNK may act as antagonist

p24(131-140) p24(265-274) KRWIILGLNK HIV infection human(B27) [Moss (1995)]

e Inone individual, TCR usage changed over time indicating that new populations of CTL can be recruited
TCR usage showed a CTL clonal response to this epitope that persisted over 5 years
e CTL clones specifc for HIV epitopes may represent between 0.2 and 1% of the total CD8+ population of T cells
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p24(131-140)

p24(131-140)

p24(265-276) KRWIILGLNK human(B27) [Carreno (1992)]

Included in HLA-B27 binding peptide competition study

p24(265-274 SF2) KRWIILGLNK HIV-1 infection human(B27) [Phillips (1991), Goulder
(1997a)]

Longitudinal study of CTL escape mutants — little variation was observed in the immunodominant B27 epitope, relative to B8 epitope
[Goulder (1997a)] is a review of immune escape that points out that there may be a protective effect associated with B27, and that
HLA-B8 individuals tend to progress more rapidly than HLA B27 patients

p24(131-140)

p24(263-272) KRWIILGLNK HIV-1 infection human(B27) ENietfe)Iij (1995), Goulder
1997a

Single point mutations were introduced and viral viability and CTL recognition tested — an Arg to Lys change at anchor position P2

abrogates binding to B27, but doesn,,t change viral viability in vitro

[Goulder (1997a)] is a review of immune escape that summarizes this study

p24(131-140)

p24(131-140)

p24(263-272) KRWIIMGNK HIV-1 infection human(B27) [Nowak (1995)]

Longitudinal study of CTL response and immune escape — the form KRWIILGNK was also found, and both forms stimulate CTL

p24(263-272) KRWIIMGLNK HIV-1 infection human(B27) EGouId)e]r (1997c¢), Goulder
1997a

Six HLA-B27 donors studied make a strong response to this epitope

In 4/6 cases, this was the immunodominant or only CTL response

Two of the cases had an epitope switch to the form KKWIIMGLNK during a period of rapid decline to AIDS, following their
asymptomatic period

The arginine to lysine switch is in an anchor residue, and results in immune escape due to severely diminished binding to the B27

molecule
[Goulder (1997a)] is a review of immune escape that summarizes this study in the context of CTL escape to £xation

p24(131-140)

p24() KRWIILGLNK human(B27) [Rowland-Jones (1999)]

CTL responses in seronegative highly HIV-exposed African female sex workers in Gambia and Nairobi were studied — these women

had no delta 32 deletion in CCR5 ) ) ) )
In Gambia there is exposure to both HIV-1 and HIV-2, CTL responses to B35 epitopes in exposed, uninfected women are cross-reactive,

and the B35 allele seems to be protective
HIV-2 sequence: RRWIQLGLQK - this epitope was not HIV-1 and HIV-2 cross-reactive
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p24(131-140)

Gag() KRWILGLNK none, computer (B27) [Schafer (1998)]
prediction

This study uses EpiMatrix for T cell epitope prediction to identify possible HLA-B27 and A-2 CTL epitopes in HIV

Based on EpiMatrix predictions, 28 peptides were synthesized and tested using T2 binding assays for potential HLA A2 or B27

binding, and 12 of these were shown to bind to the predicted HLA molecule

Two of these 12 peptides had been previously identifed as CTL epitopes: HLA-B27 KRWILGLNK and HLA-A2 ILKEPVHGV

This peptide sequence is not conserved between clades, but is found in most B clade isolates

p24(131-140)

p24(263-282) KRWIILGLNK HIV-1 infection human(B27) [Bernard (1998)]

This study focuses on six rare long-term survivor HIV-infected people who were infected for many years without exhibiting immune
dysregulation — such immunologically normal HIV-infected (INHI) cases occur at a frequency between 0.1 and 1% in the infected
population

No direct CTL were found in any of the six INHIs, but above background CTLp activity was founded in 3/6 INHIs

Epitope sequences were deduced from larger reactive peptides based on HLA binding motifs - XRXXXXXXXK is a B*2705 binding
motif

p24(131-142)

p24(265-276) KRWIILGLNKIV no CTL shown human(B27) [Jardetzky (1991)]
Epitope examined in the context of peptide binding to HLA-B27

p24(131-142)

p24(263-274 LAI)  KRWIILGLNKIV HIV-1 infection human(B27) [Fan (1997)]
The capacity of dendritic cells to process and present antigen and stimulate anti-HIV-1 CTL memory responses was studied

p24(131-145)

p24() KRWILGLNKIVRMY HIV-1 infection human() [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston with unknown HLA - this
epitope did not fall within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(131-145)

p24(263-277 LAI) KRWIILGLNKIVMRY HIV-1 infection human(A33) [Buseyne (1993b)]
Clustering of Gag p24 CTL epitopes recognized in 29 HIV-infected people
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p24(131-145) p24(266-277) KRWIILGLNKIVRMY rec gag-vaccinia human(B27) [Nixon (1988)]
Gag CTL epitope mapped with rec gag-vaccinia and synthetic peptides
This was the £rst HIV-1 epitope to be mapped

p24(131-145) p24(266-277 LAl)  KRWIILGLNKIVMRY HIV-1 infection human(B27) [Meyerhans (1991)]
Longitudinal study showing persistence of epitope despite CTL activity

p24(131-145) p24(265-279) KRWIILGLNKIVRMY HIV-1 infection human(B27) [Nixon (1990), Rowland-

Jones (1999)]
HIV-1 and HIV-2 cross-reactive CTL clone, highly conserved epitope

Reviewed in Rowland-Jones99, notes that it did not appear cross-reactive with HIV-2 in Rowland-Jones98, HIV-2 form: RRWIQL-
GLQK

p24(131-146)

p24(265-279) KRWIILGLNKIVRMYC HIV-1 infection human(B27)
HLA-B27 restricted epitope also binds to HLA-A2 and HLA-B37 in solid phase assay

[Bouillot (1989)]

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human() [Weekes (1999a)]

Peptide 728: Memory CTL specifc for HIV-1 may contribute to oligoclonal expansions within the CD57+ CD28- CD8+ CTLp
populations

p24(132-145)

Gag() KWILGLNKIVRMY HIV-infection human(B27) [Weekes (1999b)]

Peptide 728: Almost all CD8+ T cells are CD28+ at birth, and the proportion of CD28-CD8+ cells increases with age — this study
examines the contribution of CD8+CD28- cells to CTL memory pools for CTL clones specifc for two persistent human viruses,
CMV and HIV - clones were found to be similarly distributed the CD28 depleted cell population

HIV CTL responses to 3 Env and 2 Gag peptides were studied

The clonal composition of the TCR Vbeta responses were studied and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-speci£c response — clones to this epitope were Vbeta22.1

p24(134-143)

p24() IHILGLNKIVR HIV-1 exposure human(A33) [Rowland-Jones (1998b)]

HIV-specifc CTL were found in exposed seronegative prostitutes from Nairobi — these CTL may confer protection

Seroprevalence in this cohort is 90-95% and their HIV-1 exposure is among the highest in the world

Most isolated HIV strains are clade A in Nairobi, although clades C and D are also found — B clade epitopes are often cross-reactive,
however stronger responses are frequently observed using A or D clade versions of epitopes

This epitope is conserved among A, B and D clade viruses
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p24(136-145) p24(268-277 LAl) LGLNKIVRMY Predicted from human(Bw62) [McMichael &
larger peptide Walker(1994)]

o Review of HIV CTL epitopes
e Also P. Johnson, Pers. Comm.

p24(136-146) p24(271-281) LGLNKIVRMYS HIV-1 infection human(B62) [Lubaki (1997)]

e Eighty two HIV-1-specifc CTL clones from 5 long-term non-progressors were isolated and analyzed for breadth of response

. éssﬁjgr%iened Gag, Env and Nef response was observed, and clones were restricted by multiple HLA epitopes, indicating a polyclonal
e A subject who was B62+ had CTL that recognized this peptide, p17 KIRLRPGGKKKYKL, and one additional unknown epitope

e The two clones that recognized this epitope used two different V3 genes, further demonstrating a polyclonal response

p24(137-145) p24() GLNKIVRMY HIV-1 infection human() [Goulder (2000)]

e The CTL-dominant response was focused on this epitope in a HIV+ South African living in Durban, HLA A2/- B5802/62 Cw4/6 —
this epitope did not fall within the three most recognized peptides in the study

e Three peptides GSEELRSLYNTVATL (pl17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-specifc epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

e Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-specifc
epitopes in 32 out of 37 C-clade infected subjects from South Africa

p24(137-145) p24(272-280 LAI) GLNKIVRMY HIV-1 infection human(B*1501) [Brander & Goulder(2001)]
e C. Brander notes this is a B*1501 epitope

p24(137-145) p24(272-280 LAl)  GLNKIVRMY HIV-1 infection human(B62) [Goulder (1997a)]

e This paper is a review of CTL and immune evasion, but it presents a study of a shift from an HLA-A*0201 response to SLYNTVATL,
to a B62 response to GLNKIVRMY

e As long as a strong CTL response to SLYNTVATL was evident, the epitope variants SLFNTVATL or SLYNTIATL dominated the
viral population — eventually the CTL response to the index peptide became undetectable, the CTL response shifted to a focus on
GLNKIVRMY, and the index peptide SLYNTVATL once again established itself as the dominant form
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HXB2 Location

Author Location Sequence Immunogen Species(HLA) References

p24(137-145)

p24() GLNKIVRMY HIV-1 infection human(B62) [Goulder (2000)]

The CTL-dominant response was focused on this epitope in a HIV+ African American living in Boston — this epitope did not fall
within the three most recognized peptides in the study

Three peptides GSEELRSLYNTVATL (p17 residues 71-85), SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRLRPG-
GKKKYKLK(p17 16-30) contained the dominant Gag-speci£c epitope in 31 out of 44 B-clade infected individuals from Boston who
showed Gag-CTL responses

Five peptides RLRPGGKKHYMIKHLVW (p17 20-36), ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDLNTMLNTVG
(p24 41-60), FRDYVDRFFKTLRAEQA (p24 161-177), and SILDIKQGKEPFRDY (p24 149-164) contained dominant Gag-speci£c
epitopes in 32 out of 37 C-clade infected subjects from South Africa
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B62

pl/ CTL Map

>
58 B*0201
B%0801 A2, A*0202
5 A2
57 A*0214,A%020]
not B8 A*0205
88 A*0202
A3 A*0201 B8,B60
il A*02 (_ B60
A3 A*3002 B*4001
N B8 AlL
A*0301 ‘ 88
A%03 B*0801 AL
Bu62 . AL A*1101
LETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEIKDTKEA
| | | | |
L 60 70 80 90 100
B42
A30,A3.1
A3l A*2402
A3 B8, B60 A*680P
A*0301 _,|B8 B35
Bb7 60 B*3501L
L0300 _Br4001 . A33
A4 LDKIEEEQNKSKKKAQQAAADTGHSNQVSQNY (continues in p24)
& Abs 110 120 130
A1030}L
12402
Bp7
B6 BB5
A3 B3501 ||
MGARASVLS(‘EGELDRWEKl |?LRPGGKKKY|$LKH 1V ASRE‘LERFAVNF"GLI
10 20 30 40 50
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024 CTL Map s

Cw8
C*0802
C*g}802(Cw8)
A2, A*0202 B14, Cw8
B12(B44)
A2 B14
B12
B7,8*8101 CwOLOw02 . B14, CW§
B7 T = — C*0802(Cw8)
Cw*0102,Cy1
B*0702 &4, Cws B7
C*0102(Cwl)
Bp7,B58 | |B53 B53
A26
BH7,B*5801 | |B42 B42
A*2601
B57 B*8101 B*8101L
B51 T
B*57p1 B*580] <_ﬂ301 B*530L
B*570B.
B15701 B*4201 B*4201
B51 T
Ab <_ﬂmz B*070p
B1570B
A*2501 B53 B53
B1570[L
Patr-B*0p B58 B54 B52
B57
A *,
(from pl7) BS Lt Ll B18l0L | B*4001 | Bw
A*6802 CW! B14001 B1810] A25
A*2402(from p17 ﬂ) (B44) B*3901 A2
B27 A*2501
B4 B2 A2 B55
PIVQNIQGQUVHQATSPRTLNAWVKVVEEKAFSPEV I PMESALSEGATPQ DLNTMLNTVGGHQAAMQMLKET INEEAAEWDRVHPVHAGRIAPGQNMREPR
| | | | | | |
10 20 30 40 50 60 70 80 90 100
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Patr-B*03
B27
B*2705,B27
B*2705
B*2703
B*27
B27
B27
A33
BR1
Bw62?
BR1
A*2402
B27
A*2402 B52
B8 B62
B*0801
Bwp2
B*5701 B*5801 B8
B*5201
B58 B*0801
B64
B57 B8
B*5801 BB ABJ
B*57,B*5801 B1350[L BR1
_, A2 B*5701 B | B*1500L
GSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWI ILGLNKIVRMYSPTSI
I | | | |

110

120

130 140 150

B*5701

B*5301
B*4402,B44
Cw8
B14, B*1402
B14
B*1400 Civ4
B14 B8
A26 or B70 B53 | B*0801
B44,A26 or B70 B44 | B3
B*4402 B44 B51
A*2402 B*440p B*5101
B*1801 B14? B8
! |B71 | \Bs B51
LDI RQGPKEF"FRDYVDRFYIfTLRAEQASQI%VKNWMTETLIT\/QNANPDCK'Il'
160 170 180 190 200
88,
__Broson
_,B3 B7
_, BBl ALl
_| B*5100
B8 BY
B5L | A11101
1 LKALGPAA'I"LEEMMTACQGlVGGPGHKAR\llL
210 220 230
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pP2p7/plp6 CTL Map

AEAMSQVTN?ATIMMQRGNFRNQRKIVKCTNCGKEGHTABNCRAPRKKG?
10 20 30 40 50

p2 <-

<>
start p2 end p7 start

A2 A2
WKCGKEGHQMKDCTERQAN?LGKIWPSYK?RPCNFLQSR?EPTAPPEES?
60 70 80 90

>
p6 start

100

<>
p7 end pl start p
n

<
1
end

G B
RSGVETTTP?QKQEPIDKE%YPLTSLRSLEGNDPSSQ

110 120 130

p6 end ->

Protease CTL Map

A*7401

A*6802,A*7401,A19

A*6802 . A%6802
PQVTLWQRP%VTIKIGGQL%EALLDTGAD?TVLEEMSLP?RWKPKMIGG‘

10 20 30 40 50

. A*0201 ‘
GGFIKVRQY?QILIEICGH%AIGTVLVGPTPVNIIGRNL%TQIGCTLNF

60 70 80 90
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RT CTL Map

B51
B*5101
broad
AP
B8 A*0P01
. A2, B61 . ! B*0801 ! A10301 .
PISPI ETVPYKLKPGMDGP%VKQWPLTEEI?I KALVEI CTIT_MEKEGK 1 SKI|

10 20 30 40 50
. Cwa

_b;(l)ad . A3
GPENPYNTPYFAI KKKDST}|<WRKLVDFREI|_NKRTQDFWEYQLG 1 PHPAGLI

60 70 80 90 100

B*5101, B24
1A,
A*0201
Cw4 B51
B34 B*5101
B35
Cw4 A2
’ Civ4 B*3501,B35
_>‘A B*3! O‘L B*350[L
KKKKSVTVL?VGDAYFSVP%DEDFRKYTAGTIPSINNET?GIRYQYNVL?
110 120 130 140 150

B*0301
A33
A3.1
A3
All
A*[101, A3, A*0301,|A*6801
A*1101
A*0301 A*0201
| B7 o A2, A*0202,

B35 A2

B*3501 A*0201
B7 BB5

B7 ‘ 5343501 ‘

’ B15100 A*3002 ‘ A3
QGWKGSPAIFQSSMTKILEPFRKQNPD IV 1YQYMDDLYVGSDLE IGQHRT
1!30 17|0 15;0 19‘0 2(|)0
B44 B57
o B*4001 B*5701, B*5801
A2 B*5701
B A2 B*5701

K1 EELRQHILITRWGLTTPDKll('HQKEPPFLWI\{IGYELHPDKWTVQEI VLPEKD|
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B42

A26

— 5%
B*4201,B42
B*4201
_, B*5701, B*5801 | A3
_B7 A*3002 B35, B51
_B15701 Bw62 B35
_B5701 . B*1501 B*3501
SWTVNDI QKITVGKLNWASQ I| YPGI KVRQL(}KLLRGTKAL'I"EVI PLTEEAI%
260 270 280 290 300
A2, A*0202
A2
A*0201
A*02
_, B35B51 Bw62
35 B*1501 ‘ A*1101
_Br3501 ‘ A*0201 ‘ ‘ ALl
LELAENREI ITKEPVHGVYYI?PSKDL 1AEI (?KQGQGQWTY(? I YQEPFKNLIT
310 320 330 340 350
B*5701 B*5801
B70 ‘ B*5701 . B
_All A28, A*6802 ‘ A13201

TGKYARMRGAHTNDVKQLTEAVQKITTES IV IWGKTPKFKLP IQKETWET
\ [ | \ |
360 370 380 390 400

S —
n A28
B45
A*6802
B35, [B51
B34
B44 B73501
_A*3201 . A2, B35 |, | |A29
WWTEYWQATW I PEWEFVNTFl’PLVKLWYQLI%KEP 1 VGAETI‘:YVDGAAN RE'Il'
410 420 430 440 450

pl5 RNase start <-

A21 BBz
A2 cws
A2 Bl4
KLG KAGYVTI\‘IRGRQKWTL'Il'DTTNQKTEL(?A | YLALQDSC‘SLEVN IVTDS?
460 470 480 490 500
__ B14,B*1402
__Cws, . A*101
B14 A2 B7
YALGI 1 QAQF"DQSESELVN(? 11EQLI KKEI$VYLAWVPAHH(G | GGNEQVDI$
510 520 530 540 550
LVSAGIRKVL

-> p1l5 RNase end
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Integrase CTL Map

. B*5101 ‘
FLDGI DKAQI?EHEKYHSNWI?AMASDFN LPFl’WAKE 1 VAS(.‘TDKCQLKG EAI\{I

10 20 30 40 50
 A*2402 A*6802

HGQVDCSPG IWQLDCTHLEGKV ILVAVHVASGY I EAEVIPAETGQETAYF
\ | [ \ |

60 70 80 90 100

A*6802
LLKLAGRWPYKTI HTDNGSI\IIFTGATVRAA(FWWAG 1 KQEF(‘B 1 PYNPQSQG\II

110 120 130 140 150

A*1101

—B5

B*5701_>‘
VESMNKELKH( 11 GQVRDQAITZHLKTAVQMA\I/F | HNFKRKGG‘ IGGYSAGER I|
160 170 180 190 200

A2

A*0201
VDIIATDI Q'I"KELQKQ ITK II QNFRVYYRDSlRNPLWKGPA}‘(LLWKGEGAVY

210 220 230 240 250
1QDNSDI KVYPRRKAKI I RI?YGKQMAGDDCIVASRQDED
260 270 280

Rev CTL Map

B*5801

B*5701 ’
MAGRSGDSDIT:EL IRTVRLI IfLLYQSNPPPI\IIPEGTRQARRI\‘IRRRRWRERQFIQ

10 20 30 40 50
cws
B14, Cw8
‘ Al ‘ B14
QIHSISERI ITGTYLGRSAEITVPLQLPPLEFIQLTLDCNEDCC?TSGTQGVGSFI’
60 70 80 20 100
Ql LVESPTVITESGTKE

110
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gple0O CTL Map

B8

—t—

B55
B*5501
Cw7

B*0301

A3.1

A3

A*

0301

A11 and A*6801

A2.1

A2

14

B14

B3p01

e E—
’ B*0801 . Al1 .
MRVKEKYQHITWRWGWRWGTI\{ILLGM LMI CSAl\TEKLWVTVY\‘(G VPVWKEAT'lr
10 20 30 40 50
<- gpl20 start
B38
A*2402 B35, B51
_@55 B35
j 5501 B*3501
B35 A*3501
§> 3501 . B7 .
TLFCASDAK/‘AYDTEVH NVWAl\THACVPTDPI\llPQEVVLVNVTEN FN MWKNDl\lll

60

70

80

90

100

A2.1 A2.1

— A2 ‘ . ‘ A2__||
VEQMHEDI I S‘LWDQSLKPC\I/KLTPLCVSLKCTDLKNDTNTNSSSGRM 1 MI:T
150

110 120 130 140

A2.1
Cw8 A2

Cw*08 ‘ A2
KGEI KNCSFI\‘I ISTSIRG KVQlKEYAFFYKLI? 11PIDN DTTS‘)YKLTSCNTS\{

200

160 170 180 190

A29

A29

A2 ‘ | | A2 . ‘ Cw8 .
ITQACPKVSI‘:EP 1PI HYCAFl’AGFAI LKCNl\llKTFNGTGPC'I"NVSTVQCTH(%

250

210 220 230 240

B35

B*3501

B*0702

|_B*07
B7 . p Ap
IRPVVSTQL%LNGSLAEEEYVIRSVNFTDNAKTIIVQLNTSVEINCTRPN
300

260 270 280 290
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A*2402

A2, AB
A2
All
B7
B7?
B7 B27
B*0702 H-2d
B*07 AP
A2 A*0p01

Patr-B*14

CD4+ CTL

NNTRKRIRI (?RGPGRAFVT II GKl1 GNMRQAI-||CN I SRAKWNI\HTLKQIASKLI?

340

A*2402

310 320 330
Cw4 ||
A29
AP
Cw4
C*0401
B63,B15
B15
B*1516
M‘CTL . A2 | AR
EQFGNNKTI I‘FKQSSGGDPIT_IVTHSFNCGCISEFFYCNS
360 370 380

TQITF
390

350

NSTWFN STVY
400

A2

A2
Ll AR
A29,A32
A*3201
B15101
DR4 GD4+
AP
. CD4DRA | Mamu A*01
STEGSNNTE(‘SSDT ITLPCR I| KQIl NMWQK\I/GKAMYAPP | S‘GQ IRCSSN I'II'
410 420 430 440 450
‘ A2
GLLLTRDGGI\‘ISNNESE | FRFI’GGGDMRDNWFIQSELYKYKW}‘G EPLGVAPTIf
460 470 480 490 500

A2,
AKRRVVQRE}‘(RAVG 1 GALFLIGFLGAAGSTl\lﬂGAASMTLTV(‘)ARQLLSG I V?

510 520 530 540 550
gpl120 end <> gp4l start
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B8

B8
B*0801
A*2402
Cw
(_ B27
A*2402
A*2402
A*240P
B14, B*1402
B14
B*1402
B51 B14
B15 DPw4.p
B*5101 . | CD4+ CTL(DR{1 ‘
QONNLLRAIEAQQHLLQLTVWG IKQLQAR I LAVERYLKDQQLLG IWGCSG
560 570 580 590 600
B35
B*3501
KLICTTAVPWNASWSNKSLEQIWNHT TWMEWDRE INNYTSLIHSLIEESQ
610 620 630 640 650
A2.1
o poap
. A2.1 s, . &2
NQQEKNEQELLELDKWASLWNWFN I TNWLWY IKLF 1M1 VGGLVGLRIVFA
660 670 680 690 700

A*3002

32
I VIR ‘ A2
VLSI VNRVR(‘QGYSPLSFQTl‘llLPTPRGPDRI?EG | EEEGGESDRDRS | RLVl\ll
710 720 730 740 750
A*6802
ABL
AB
A*3101 A*3002
A*0801 B27
A2.1
| A*2a02 B21 —
A2, ‘ o1 B*2705 ‘
GSLAL |WDD|‘_RSLCLFSYH|$LRDLLL | VTFIQ |VELLGRRGV‘\/EALKYWWNL|T
760 770 780 790 800
A30, B8
D -7
A2 B7
A2.1 BS
A2 B*5101
B7
B*4001 A21
B35
2.1 A*0201 A2
_A300 . B6O . A2 . B*0702
QYWSQELKNS‘AVSLLNATA || AVAEGTDRVlI EVVQGACRAl‘ RHIPRRI RQC|5
810 820 830 840 850
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=, Nef CTL Map

A30, B8

_, B7

_| Bro702 ——
B*0801 ‘
B8 MGG KWSKSSY | GWPTVRERl\flRRAEPAADR\I/GAASRDLEKl-‘iGA | TSSNTAPI\
____B% 10 20 30 40 50
LERILL

-> gp4l end
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TNAACAWLE/-‘\QEEEEIVGFPYTPQ

60

A*0201

B*0702
. A*1101 o B49
B35 B35
B*3501 B18
A3 B*1801
All B7,B*4101
B35 or C4 B7(B*B101)
A2
B27 B37,B57
N B27
B*0301 B15
A*2402
A3.1l B*5701
A*240P
A3, All, BBS B*3701
B18
A3 Bw62
Bb7
All B*4001 Bw62
B1§
A*0301 B60 B*1501
Al, B8
BB5 B8 B17, B37
] g*57
B7 B*0801 B57
BY
B*0y02 A3l BlL7
B@2
B35 B35 or|C4 B
B17 B1420[
B#3501 B34 B7
BY
BB5 AR Al B8 Al
BY Bwp2 _5%0 ‘ B*270 B*5701 B0f0R
o ALl Al B8 IHSQRRQDILDL TQGYFPDXQNYTPGPGVRYPLTFGWCYKLVPVEP
= | | | | |
| 110 120 130 140 150
B1350[L A*1101
BY All
B10Y0R C710802(Cw8)
AL B C*080p
VPLRPMTYKAAVDLSHFLKEKGGLEGL
| | |
70 80 90 100
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